vian influenza viruses within the H5 and H7 subtype continue to pose a major public health threat. Since 2004, highly pathogenic avian influenza (HPAI) H5N1 viruses have resulted in Ͼ380 cases of laboratory-confirmed human infection in 14 countries (1) . Despite the high virulence of H5N1 viruses observed in humans and mammalian models (2) , human-to-human transmission has been only rarely documented (3) (4) (5) . Additionally, influenza H7 subtype viruses within both Eurasian and North American lineages have been responsible for multiple outbreaks and human infections since 2002. These include outbreaks of HPAI H7N7 in The Netherlands in 2003 that resulted in Ͼ80 cases of human infection and one fatality; HPAI H7N3 in British Columbia, Canada, in 2004 that resulted in two cases of conjunctivitis; a cluster of human infections of low pathogenic avian influenza (LPAI) H7N2 in the United Kingdom in 2007 that resulted in multiple cases of influenza-like illness and conjunctivitis; and a single case of human respiratory infection in New York in 2003 (6) (7) (8) (9) (10) (11) . The majority of human infections with H7 influenza viruses have resulted in conjunctivitis, but similar to H5N1 viruses, probable human-to-human transmission among family contacts has been rarely documented through molecular diagnosis (7) . Representative viruses isolated from these outbreaks were found to replicate efficiently in the mouse and ferret models, and one virus isolated from a fatal respiratory case during the H7N7 Netherlands outbreak, A/NL/219/03, was highly lethal in both mammalian models (12, 13) . However, further study is needed to assess the pandemic potential of H7 influenza viruses within this subtype.
Influenza virus attachment to host cells is mediated by the virus HA binding to sialic acid (SA) glycans present on host cell surfaces. Avian influenza viruses predominantly bind ␣2-3-linked SA, whereas human influenza viruses preferentially bind to ␣2-6 SA (14) . The three influenza pandemic viruses of the last century, causing the pandemics of 1918 (H1N1), 1957 (H2N2), and 1968 (H3N2), each possessed an HA with a human ␣2-6 SA-binding preference yet are thought to have originated from an avian virus possessing the ␣2-3 SA-binding preference (15, 16) . With few exceptions, avian H5N1 influenza viruses isolated from humans have maintained the classic ␣2-3 SA binding (17) (18) (19) (20) . However, the SA-binding preference of recent H7 influenza viruses associated with disease in humans has not been well studied.
The ferret model has been used successfully to study the transmission of human and avian influenza viruses (21) (22) (23) , because ferrets exhibit a similar distribution of SA as reported in humans with a higher proportion of ␣2-6 SA glycans on upper respiratory tract epithelial cells and ␣2-3 SA in the lower respiratory tract (24) (25) (26) (27) . These studies have shown that avian H5N1 viruses, despite replicating to high titers in the respiratory tract, are not readily transmissible by either respiratory droplet or contact transmission (21) . To date, the transmissibility of viruses within the H7 subtype has not been examined experimentally. Here, we use glycan microarray technology to determine the receptor-binding preference of H7 influenza viruses of both Eurasian and North American lineages and assess the transmissibility of selected H7 influenza viruses using the ferret model. Surprisingly, we found that recently isolated H7N2 and H7N3 viruses of the North American lineage possess increased binding to ␣2-6 SA, with several strains exhibiting preferential binding characteristic of human influenza viruses. One of these was an H7N2 virus, A/NY/107/03, associated with respiratory disease in an adult male, which we found to be capable of efficient direct contact transmission in the ferret model. cluding H1, H2, H3, H5, and H9 viruses (15, 16, (28) (29) (30) . However, recently isolated H7 influenza viruses have not been comprehensively analyzed for their HA-binding preference. We used a glycan microarray with whole virus to determine the ␣2-3 and ␣2-6 SA-binding preference of Eurasian or North American lineage H7 influenza viruses associated with disease in humans or related viruses isolated from birds. Two HPAI H7N7 Eurasian lineage viruses isolated from an outbreak in The Netherlands in 2003 were tested, A/NL/219/03 (NL/219) and A/NL/230/03 (NL/230). NL/219 was isolated from a human with fatal respiratory disease, whereas NL/230 was isolated from an individual with conjunctivitis (6) . Both H7N7 viruses exhibited preferential binding specificity toward ␣2-3 SA ( Fig. 1 A and B) . This pattern of binding closely resembles the strong ␣2-3 SA-binding preference observed with HPAI H5N1 viruses isolated from humans, as has been reported and is demonstrated here with A/HK/486/97 (HK/486) virus (Fig. 1C) (29) . These results were confirmed by hemagglutination assay, with NL/219, NL/230, and HK/486 viruses binding to turkey red blood cells (RBCs) resialylated with ␣2-3-but not ␣2-6-linked sialosides (Table 1 ). These findings suggest that HPAI H7N7 Eurasian lineage viruses, similar to HPAI H5N1 viruses, have maintained classic avian specificity for ␣2-3 SA despite causing productive infections in humans.
Receptor-Binding Preference of North American H7 Influenza Viruses.
H7N2 subtype viruses have been routinely isolated from the live-bird market system in the northeastern United States since 1994 (31) . Glycan-binding analysis of A/Rhea/NC/39482/93 (Rhea/NC), a LPAI H7N1 virus isolated in 1993, exhibited a classic avian ␣2-3 SA receptorbinding preference (Fig. 1D) . However, the more recent H7N2 viruses A/Tky/VA/4529/02 (Tky/VA), which caused a major outbreak among commercial poultry in Virginia and was associated with serologic evidence of human infection (32) , and a 2003 H7N2 poultry isolate A/Ck/Conn/260413-2/03 (Ck/Conn), exhibited significantly increased binding to glycans with ␣2-6 SA ( Fig. 1 G and H) . A genetically related H7N2 virus isolated from a single case of human respiratory infection in 2003, A/NY/107/03 (NY/107), also exhibited a marked increase in ␣2-6 SA binding and reduced binding to glycans with ␣2-3 SA (Fig. 1I) . Two H7N3 viruses (A/Canada/504/04 and A/Canada/444/04), associated with human conjunctivitis during an outbreak of HPAI in British Columbia ( Fig. 1 E and F) , also revealed increased binding to ␣2-6 SA compared with Eurasian lineage viruses ( Fig. 1 A-C ). An assay using resialylated erythrocytes independently documented the dual ␣2-6 and ␣2-3 SA binding of all H7N3 and H7N2 viruses (Table 1) .
More detailed analysis of glycan microarray data revealed that the specificity differences among the H7 viruses was more striking for subclasses of ␣2-6 and ␣2-3 glycans as summarized in Table 2 . Although neither of the Eurasian viruses nor the Rhea/NC virus bound glycans with ␣2-6 SA, all of the post-2002 North American viruses exhibited moderate to strong binding to the ␣2-6 SA of the biantennary N-linked glycans (nos. 34 and 35) . Three viruses, Tky/VA, Ck/Conn, and NY/107, exhibited moderate to strong binding to most glycans with ␣2-6 SA, including a glycan with an internal sialic acid (no. 45) not recognized by the other viruses. Although these three viruses were similar in binding ␣2-6 SA, they exhibited significant differences in their binding of glycans with ␣2-3 SA. Tky/VA bound as well to glycans with ␣2-3 SA as the Eurasian viruses. In contrast, Ck/Conn and NY/107 exhibited strong binding to only 4 of the 32 glycans with ␣2-3 SA, including two sulfated (nos. 1 and 4), one branched (no. 7), and one linear (no. 17) glycan ( Fig. 2 and Table 2 ). Binding to the remaining glycans with ␣2-3 SA was significantly reduced, especially for NY/107. The reduced binding to glycans with ␣2-3 SA is notable, because this was a characteristic of influenza viruses with H1, H2, and H3 HAs when first introduced into the human population (15, 16, 28, 33). . The glycan microarray was performed by using whole virus with antisera raised against homologous or cross-reactive virus as a primary antibody. Colored bars highlight glycans that contain ␣2-3 SA (yellow) and ␣2-6 SA (green). Error bars reflect the standard deviation in the signal for six independent replicates on the array. Structures of each of the numbered glycans are found in Table S1 (SI Text) and for selected glycans in Table 2 .
Table 1. Hemagglutination assay of H7 influenza viruses using differentially sialylated turkey RBCs
Presence or absence of hemagglutination
Transmissibility of Eurasian H7 Influenza Viruses in Ferrets.
To assess the impact of enhanced ␣2-6 SA specificity on the transmissibility of the North American H7 viruses, both respiratory droplet and contact transmission experiments were performed as described (21) by using the ferret transmission model. Six ferrets were inoculated intranasally with 10 7 50% egg infectious doses (EID 50 ), a dose reported to consistently infect ferrets with human or avian influenza viruses (34) . Twenty-four hours postinoculation (p.i.), three of the inoculated ferrets were placed in modified cages with a perforated side wall adjacent to a naïve ferret, allowing air exchange between ferrets while preventing direct contact of animals or indirect contact with food or bedding (respiratory droplet transmission). The remaining three inoculated ferrets were each cohoused with a naïve ferret to assess direct contact transmission. Criteria for efficient transmission included detection of virus in nasal washes (NW) of contact ferrets and seroconversion of convalescent sera from contact ferrets, both of which occur during the efficient transmission of human influenza H3N2 viruses as shown in this model system (21) . NL/219 virus has been shown to be highly virulent in the ferret Structures shown in symbol form (see key below) are structures of single glycans or composite structures for chemically related glycans represented by the numbers underneath, which correspond to the numbers in the complete structure list (Table S1 ) and the glycan microarray data in Fig. 2 . Error bars reflect the standard deviation in the signal for six independent replicates on the array. The relative binding of the virus to each glycan subclass is qualitatively estimated based on relative strength of the signal for the data shown in Figs. 1 and 2 . Strong (ϩϩϩ), moderate (ϩϩ), weak (ϩ) detectable (ϩ/Ϫ), absent (Ϫ). , NeuAc ; , Gal; , GalNAc; , Glc; , GlcNAc; , Man; , Fuc model (13) . In the current study, both NL/219 and NL/230 viruses replicated efficiently in the upper respiratory tract of inoculated ferrets, with peak mean nasal wash virus titers of 6.3 Ϯ 0.2 and 6.5 Ϯ 0.9 log 10 EID 50 /ml detected on day 3 p.i., respectively ( Fig. 2 A and  B) . Two of three animals inoculated with NL/219 virus in each experiment were humanely killed 5-7 days p.i. because of severe weight loss or development of hind-limb paralysis. NL/219 virus did not transmit by either direct contact or respiratory droplets, because virus was not isolated from nasal washes of contact ferrets, and seroconversion of contact animals for hemagglutination inhibition (HI) antibody did not occur ( Fig. 2 A, Table 3 , data not shown). Respiratory droplet transmission of NL/230 virus was not observed (data not shown); however, in the direct contact experiment, NL/230 virus was detected in the nasal washes of two of three contact ferrets, with peak NW virus titers Ͼ10 6.5 EID 50 /ml by day 8 postcontact (p.c.) in these animals (Fig. 2B) . Both NL/230 contact ferrets that had virus isolated from NW seroconverted by the end of the experiment (Table 3 ). The third NL/230 contact ferret did not have detectable virus in NW and did not seroconvert (Fig. 2B , Table 3 ). This pattern of NL/230 virus transmission by direct contact was confirmed in a duplicate experiment that resulted in seroconversion of only two of three ferrets. Taken together, these results indicate that, despite similar receptor-binding properties as measured by glycan array and resialyation assay, NL/230 virus exhibited an enhanced ability to transmit in the ferret model by direct contact compared with NL/219 virus.
Transmissibility of North American H7 Influenza Viruses in Ferrets.
Next, we assessed the ability of the H7 viruses of the North American lineage to spread to naïve ferrets by either respiratory droplet or contact transmission. Tky/VA virus replicated efficiently in the upper respiratory tract of inoculated ferrets, with peak mean virus titers reaching 6.75 Ϯ 0.5 log 10 EID 50 /ml on day 1 p.i. (Fig. 2C) . However, Tky/VA virus did not transmit by direct contact, because virus was not isolated from nasal washes of contact ferrets, and seroconversion of contact ferrets was not detected (Fig. 2C, Table  3 ). Can/504, a HPAI H7N3 virus, was also found to replicate efficiently in the upper respiratory tract of inoculated ferrets, with peak mean nasal wash virus titers reaching 7.4 Ϯ 0.3 log 10 EID 50 /ml on day 3 p.i. (Fig. 2D) . Additionally, substantial weight loss was observed in ferrets inoculated with Can/504 virus (Table 3) . Low levels of virus were detected in the nasal washes of two ferrets in direct contact with inoculated animals (1.98-2.25 log 10 EID 50 /ml); however, seroconversion of these contact ferrets did not occur (Table 3 ). These low virus titers are most likely due to the presence of residual virus on the noses of contact ferrets that was acquired from the environment or from the inoculated ferrets and therefore does not constitute efficient virus transmission, because sustained high titers of virus in the upper respiratory tract were not detected, and seroconversion did not occur. Respiratory droplet transmission of Tky/VA or Can/504 virus was not detected (data not shown).
As discussed above, two H7N2 viruses, NY/107 and Ck/Conn, exhibited enhanced ␣2-6 SA binding with decreased binding to ␣2-3 SA in the glycan microarray, with NY/107 showing the most significant decrease. Similar to all other H7 viruses tested, NY/107 and Ck/Conn viruses were detected at high titers in nasal washes of inoculated ferrets, with peak mean virus titers of 6.3 Ϯ 0.5 log 10 EID 50 /ml and 7.1 Ϯ 0.3 log 10 EID 50 /ml, respectively, on day 1 p.i. (Fig. 2 E and F) . In contrast with Tky/VA or Can/504 viruses, NY/107 virus transmitted efficiently to three of three ferrets by direct contact, with peak virus titers in nasal washes from each contact ferret reaching Ն10 5.25 EID 50 /ml and seroconversion occurring in all contact animals (Fig. 2E, Table 3 ). Transmission by direct contact occurred by day 2 p.c. in one ferret and by day 6 p.c. in the remaining two contact animals (Fig. 2E) . In comparison, Ck/Conn virus transmitted by direct contact in one of three contact ferrets, with peak NW virus titer reaching 10 7.25 EID 50 /ml on day 10 p.c. (Fig. 2F) . Seroconversion of the remaining two contact ferrets did not occur, indicating that Ck/Conn virus, unlike NY/107 virus, did not transmit efficiently by direct contact (Table 3) . Similar to other H7 viruses in this study, respiratory droplet transmission was not observed with either virus (data not shown). These findings demonstrate the ability of an H7 influenza virus isolated from a human, NY/107, to transmit efficiently by direct contact in the ferret model.
Discussion
Like other avian influenza viruses, those within the H7 subtype fall into two geographically distinct lineages, Eurasian and North American (35, 36) . H7 viruses within these lineages have caused outbreaks and human infection in recent years and continue to pose a public health threat. To better assess the pandemic potential of H7 influenza viruses, we examined the receptor-binding preference and transmissibility of selected H7 viruses associated with disease in humans. We found that Eurasian lineage HPAI H7 influenza viruses tested in this study closely resemble recent HPAI H5N1 viruses with respect to their binding preference for ␣2-3 SA receptors. Conversely, we observed an increase in ␣2-6 binding among North American lineage H7 viruses isolated between 2002 and 2004. Several of these also showed reduced binding of ␣2-3 SA receptors characteristic of human influenza viruses. The most dramatic shift in receptor specificity was observed for a human H7 influenza virus that was also transmitted efficiently between animals by direct contact.
Previous studies have suggested that Eurasian lineage H7 influenza viruses share receptor-binding properties similar to H5 vi- ruses, because analysis of the HA crystal structure derived from the H7 virus A/Tky/Italy/02 demonstrated specific binding to avian receptor and not human receptor analogues (37) . Recent advances in glycan microarray technology allowed us to more closely analyze the fine differences in receptor specificity of viruses between both Eurasian and North American H7 viruses. Here, we used a wholevirus assay that allowed for examination of the binding properties of influenza viruses without the need for generation of recombinant HA. We were particularly interested in the North American H7 viruses, because some of these avian viruses appear to be adapted to the upper respiratory tract of chickens, which have been shown to express more ␣2-6 SA receptors compared with wild aquatic birds (38) ; in vivo studies have demonstrated that North American lineage LPAI H7N2 viruses replicate to high titer in the upper respiratory tract of chickens and turkeys compared with the gastrointestional tract (39) (40) (41) ). All H7 viruses tested replicated to high titer in the upper respiratory tract in inoculated ferrets as shown (13); nevertheless, most isolates tested failed to transmit despite the high titers of virus shed by inoculated animals. Respiratory symptoms such as sneezing and nasal discharge were observed in some ferrets inoculated with each H7 virus (Table 3) . However, the frequency and duration of these symptoms in this model more closely resembled those observed in ferrets inoculated with H5N1 viruses, rather than the more pronounced respiratory symptoms observed in ferrets infected with human H3N2 or H1N1 viruses (21, 23) . With the exception of NL/219-inoculated ferrets, which exhibit substantial lethargy after infection (13) , ferrets inoculated with H7 viruses in this study remained alert and playful for the duration of the experiment, suggesting that frequent interaction between inoculated and contact ferrets is not sufficient for virus transmission to occur. Additionally, the results of this study indicate that increased virus binding to ␣2-6 SA is not sufficient for transmission of avian influenza viruses to occur, supporting previous studies demonstrating the lack of transmission of an H5N1 virus with an increased ␣2-6-binding preference (21, 22) . Recent studies have highlighted increased complexity of the structural topology among ␣2-3 and ␣2-6 SA and suggest that conformational features of the linkage contribute to virus binding and could play a role in virus transmissibility (42) . This diversity of SA receptors could in part contribute to the enhanced ability of NL/230 virus to transmit in the ferret model by direct contact compared with NL/219 virus. Although the Eurasian lineage H7N7 viruses analyzed in this study displayed similar receptor-binding properties as measured by glycan array and hemagglutination assay, Munster et al. (43) found differential attachment of NL/219 virus and a virus closely related to NL/230 to tissues in the lower respiratory tract of humans. The enhanced transmissibility observed with NL/230 virus in this study compared with NL/219 virus would additionally suggest subtle differences in the receptor-binding properties between these H7N7 viruses that have yet to be identified.
Unlike most subtypes of influenza, infection with H7 influenza viruses frequently results in conjunctivitis in humans and not respiratory disease (6, 7, 9) . Unlike the upper respiratory tract in humans, which contains a high distribution of ␣2-6 SA, corneal, conjunctivial, and lacrimal duct epithelial cells of the human eye express predominantly ␣2-3 SA (27, 44, 45) . Additionally, the sialylated secretions (mucins) of both surfaces differ in their SA content; mucins in the airway epithelium contain ␣2-3 SA, whereas ocular secreted mucins contain ␣2-6 SA (46-48). The high ␣2-3 SA content of the human ocular surface suggests that avian influenza viruses would be well suited to use this surface as a portal of entry. However, although human infection with H7 influenza viruses frequently results in conjunctivitis, documented cases of ocular disease after H5N1 infection are rare (7, 49, 50) . The heterogeneity of SA-binding preference observed between H7 influenza virus lineages suggests that, similar to virus transmissibility, ocular tropism is a complex property that cannot be explained by SA receptor binding alone.
We identified a LPAI H7N2 virus, NY/107, which was associated with human respiratory infection and not ocular disease and was effectively transmitted in the ferret model by direct contact (10) . Among all H7 viruses analyzed by glycan microarray, NY/107 displayed the most dramatic increase in ␣2-6 SA binding along with decreased ␣2-3 SA binding avidity. Strong ␣2-6 SA binding appears to be an essential component of conferring transmissibility in human influenza viruses, because H1N1 variant viruses exhibiting the classic avian ␣2-3-binding preference or dual ␣2-3-and ␣2-6-binding preference were unable to transmit efficiently (23) . These results suggest that a decrease in ␣2-3 SA binding may also be needed in addition to ␣2-6 SA-binding avidity. However, despite similar ␣2-3 and ␣2-6 SA binding observed by glycan array with Ck/Conn virus, this virus was transmitted only by direct contact in one of three animals. Efficient contact transmission was also not observed with Tky/VA virus, despite this virus sharing 98.4% HA amino acid identity with NY/107 virus (40) . Future studies will allow for a better understanding of the genetic determinants responsible for the heightened transmissibility observed with this virus. NY/107 virus, like all H7 viruses tested in this study, did not transmit by respiratory droplets in the ferret model. However, the efficient NY/107 virus transmission observed by direct contact in ferrets has not been observed with HPAI H5N1 viruses (21, 22) and may indicate the capacity of a NY/107-like virus to acquire properties that would confer efficient transmission by respiratory droplets; this underscores the importance of studying virus transmissibility by both routes.
LPAI H7N2 viruses have been acquiring additional basic amino acids at the HA cleavage site since 1994, resulting in a cleavage site that more closely resembles HPAI viruses (51) . These viruses are also characterized by a deletion of 8 aa in the HA1 proximal to the receptor-binding site (31) ; further study will help elucidate whether this deletion contributes to the enhanced ␣2-6 SA binding observed among these viruses. The classic avian specificity for ␣2-3-linked SA observed with Rhea/NC could suggest a possible correlation between the acquisition of ␣2-6 SA binding and the introduction of LPAI H7N2 viruses into the live bird markets of the northeastern U.S. The finding of enhanced ␣2-6 SA binding of North American H7 viruses underscores the necessity for continued surveillance and study of these viruses as they continue to resemble viruses with pandemic potential.
Materials and Methods
Viruses. Virus stocks were grown in the allantoic cavity of 10-day-old embroynated hens' eggs as described (13) . The 50% EID 50 Glycan Microarray Analysis. Analysis of the receptor specificity of influenza virus using glycan microarrays was done largely as described (33, 54) . Custom arrays for influenza research were produced for the Centers for Disease Control and Prevention on National Health Service-activated glass slides (Schott Nexterion) by using a glycan library provided by the Consortium for Functional Glycomics [www.functionalglycomics.org; see supporting information (SI) Table S1 for a list of glycan structures]. Viruses were inactivated by treatment with ␤-propiolactone (0.001%) overnight at 4°C with virus inactivation confirmed by two rounds of passage in eggs. Virus preparations were diluted to 1 ml into PBS buffer containing 3% (wt/vol) BSA (PBS-BSA) to HA titers of 256 -512. Virus suspensions were applied to slides and the slides were incubated in a closed container and subjected to gentle agitation for 1 h. Unbound virus was washed off by dipping slides sequentially in PBS with 0.05% Tween-20 (PBS-T) and PBS. While still wet, slides were overlaid with corresponding primary antibodies diluted in PBS-BSA, either goat antiserum A/FPV/Rostock/34 (H7N1) (1:500) (for NL/219, NL/230, and Ck/ Conn viruses), ferret anti-A/Canada/444/04 (H7N3) (1:500) (for Can/504 and Can/ 444 viruses), ferret anti-A/Turkey/VA/4529/02 (H7N2) (1:500) (for Tky/VA virus), ferret anti-A/NY/107/03 (H7N2) (1:500) (for NY/107 virus), chicken anti-A/Rhea/ NC/39482/93 (H7N1) (1:500) (for Rhea/NC virus), or sheep anti-A/Vietnam/1203/04 (H5N1) (1:1,000) (for HK/486 virus) (1 h). Slides were washed briefly with PBS-T/PBS as above followed by application of the appropriate secondary antibody conjugates, either anti-ferret-IgG FITC (1:200), anti-goat-IgG FITC (1:200), goat antichicken-IgY-FITC (1:200) (Genway Biotechnology), or anti-sheep-IgG-FITC (1:200) in PBS-BSA were subsequently incubated (1 h) followed by PBS-T/PBS washes and a final wash step in deionized water. After the slides were dried in a steam of nitrogen, they were immediately scanned (ProScanArray HT slide scanner with Autoloader, Perkin-Elmer) followed by image analysis with ImaGene 6.1 software (Biodiscovery).
Ferret Transmission Experiments. Male Fitch ferrets, 7-10 months of age (Triple F Farms) and serologically negative by HI assay for currently circulating influenza A H1N1, H3N2, and B viruses were used in this study. Ferrets were housed for the duration of each experiment in a Duo-Flo Bioclean mobile clean room (Lab Products). Ferrets were inoculated with 10 7 EID50 of each virus, and nasal washes were collected on indicated days p.i. as described (2) . Respiratory droplet and contact transmission experiments were conducted as described (21), with a total of six ferrets used for each experiment.
Hemagglutination Assays. Convalescent sera were collected from all ferrets on days 18 -21 p.i./p.c. and tested for H7 specific antibodies by HI by using homologous virus and 1% horse RBCs as described (55) . Hemagglutination assays using resialyated turkey RBC were performed as described (56, 57) with minor modifications. Turkey RBC were enzymatically desialyated, followed by resialylation using either ␣2-6-(N)-sialyltransferase (Japan Tobacco) or ␣2-3-(N)-sialyltransferase (Calbiochem). Assays were performed by using both 4 and 8 hemagglutination units of virus yielding identical results.
ACKNOWLEDGMENTS.
We thank David Swayne (Southeast Poultry Research Laboratory, U.S. Department of Agriculture, Agricultural Research Service, Athens, GA), Ron Fouchier (Erasmus Medical Center, Rotterdam, The Netherlands), and Yan Li (Canadian Center for Human and Animal Health) for providing some of the viruses used in this study. We also thank Julia Hoffman for early help with the glycan microarray and Anna Crie for assistance with generating the figures. The glycan microarray was produced for the Centers for Disease Control by using a glycan library generously provided by the Consortium for Functional Glycomics funded by National Institute of General Medical Sciences Grant GM62116. J.A.B. received financial support for this work from the Oak Ridge Institute for Science and Education, Oak Ridge, TN. Glycan microarray data presented here will be made available on-line through the Consortium for Functional Glycomics web site upon publication (www.functionalglycomics.org).
